Streptococcal pyrogenic exotoxin (SPE) B is an important virulence factor produced by group A streptococcus (GAS), a human pathogenic bacterium that causes infections of various severities (30) . SPE B is a cysteine protease secreted as a 40-kDa zymogen that is autocatalytically converted to a 28-kDa mature form. Studies of cellular reactions of SPE B have focused on its protease activity (10, 15, 43) . Its role as a ligand protein has not been critically evaluated. Our recent study showed that SPE B-induced apoptosis in human lung epithelial A549 cells is mediated through a receptor-like mechanism and a mitochondrion-dependent pathway and that the protease activity of SPE B is required to initiate apoptotic signaling, most likely by exposing the binding site for SPE B (44) . However, the SPE B receptors and the molecular mechanism of SPE B interaction with its receptors remain to be explored.
Three main SPE B variants have been identified in 200 GAS isolates of the speB gene (39) . One variant contains an arginineglycine-aspartic acid (RGD) sequence and interacts with human integrins ␣ v ␤ 3 and ␣ IIb ␤ 3 . The GAS isolates that contain the RGD motif in SPE B are the most common cause of invasive diseases. Moreover, Kagawa et al. (23) demonstrated that the surface location of an RGD motif is a feature unique to SPE B among cysteine proteases and is linked to the pathogenesis of the most invasive strains of GAS. Therefore, understanding the role of the RGD motif in the interaction of SPE B with host cells is important. The RGD sequence present in various ligands is recognized by specific cellular integrins. The recognition of this tripeptide sequence is complex. The flank residues and three-dimensional presentation of the RGD sequence and the special feature of the integrin binding pocket are factors that determine whether the interaction of ligand and integrin occurs (35) . Bacterial and viral proteins with the RGD motif bind to host integrins to gain entry into cells when infecting them (2, 20) . Integrins are ␣/␤ heterodimeric membrane proteins that mediate cell adhesion to the surrounding extracellular matrix; they elicit a wide variety of intracellular signals that modulate cell growth, migration, and differentiation (14, 35) . Compared to other integrin receptors, the ␣ v ␤ 3 integrin has a greater capacity to recognize and bind extracellular matrix proteins (i.e., fibronectin, fibrinogen, vitronectin, and thrombospondin) and other proteins with different biological functions (e.g., fibroblast growth factor 2 and metalloproteinase 2) (35) . Integrin ␣ v ␤ 3 is preferentially expressed on endothelial cells and is the most important integrin for angiogenesis. However, its inhibition leads to apoptosis (4, 5) . It has been reported that molecules containing the RGD motif act as integrin ␣ v ␤ 3 antagonists and induce epithelial cell apoptosis (3) .
Accumulated evidence indicates that apoptosis is important for modulating the pathogeneses of many bacterial and viral diseases and that Fas signaling significantly contributes to the interaction of pathogens and their host cells (12, 29) . Fas, a member of the tumor necrosis factor superfamily, is ubiquitously expressed in various tissue types, and its interaction with ligand on the cell surface is critical for inducing apoptosis. Apoptosis is critical in the development of acute lung injury, during which the Fas and Fas ligand pathway is activated (28) . Fas is distributed mostly in cytoplasm and minimally on the cell surface in A549 cells in an unstimulated condition (13, 31) . In the presence of hydrogen peroxide, Fas was significantly increased on the plasma membrane and decreased in the cytoplasmic fraction (13) , indicating that hydrogen peroxide increased the translocation of Fas from the cytosol to the plasma membrane. The expression of the Fas in A549 cells is also regulated by various external stimuli. Fas mRNA and protein levels increased two-to fourfold after a respiratory syncytial virus infection (32) . Fas was upregulated in response both to cigarette smoke extracts and to ionizing radiation (21, 47) . Inhibitors of epidermal growth factor receptor tyrosine kinase, such as gefitinib and ZD1839, and extracts of the Chinese herbs gossypol and casuarinin all upregulated Fas signaling and apoptosis (7, 8, 25, 36) . The stimulation of Fas by an agent other than physiological Fas ligand might also trigger apoptosis. Epigallocatechin gallate, a component of green tea, can bind to Fas and trigger the apoptotic cascade (16) .
In this study, we used A549 cells to elucidate the SPE B receptors and the mechanism by which SPE B induces apoptosis after binding to the receptors. We identified ␣ v ␤ 3 and Fas as the receptors that mediate SPE B-induced apoptosis, which is not a usual one-ligand-to-one-receptor reaction; it is, instead, a one-ligand-to-two-receptors synergistic reaction.
MATERIALS AND METHODS
Expression and purification of rSPE B, C192S, and G308S. The expression and purification of recombinant SPE B (rSPE B) and C192S, a protease-negative mutant, have been previously described (10) . Briefly, the genomic DNA of Streptococcus pyogenes was extracted from strain A-20 (type M1, T1, opacity factor negative), which was isolated from a culture of blood from a patient with necrotizing fasciitis in National Cheng Kung University Hospital, Tainan, Taiwan. The ProSPE B gene was amplified using PCR with a His 6 tag and BamHI recognition sites. The PCR product was purified and cloned into the BamHI site of the pET21a vector. A wild-type construct was used to produce a G308S mutation using overlap extension PCR (1) . Recombinant constructs were transformed into Escherichia coli strain BL21(DE3) pLys. Bacteria were cultured in 250 ml of Luria-Bertani (LB) medium containing 100 g/ml of ampicillin until the optical density at 600 nm (OD 600 ) reached 0.5 to 1.0. An aliquot of 250 l of IPTG (isopropyl-␤-D-thiogalactopyranoside) (100 mg/ml) was added to induce protein expression. For the expression of rSPE B, C192S, and G308S, bacteria were cultured at 35°C, 28°C, and 37°C overnight, respectively. After induction, the bacteria were collected using centrifugation at 5,000 rpm for 15 min. The resuspended pellet was broken using a French press three times at 1,500 kg/cm 2 for 30 s. Whole-cell lysates were centrifuged at 12,000 rpm for 10 min at 4°C to collect the supernatant. Proteins in the supernatant were then separated on a Ni 2ϩ -chelated column (Amersham Biosciences) and eluted using a 0 to 200 mM imidazol gradient.
Preparation of GST-fused SPE B fragments. ) were amplified using PCR with ProSPE B/pET21a as a template. The sense primer 5Ј-GAATTCGAATTCCAACCAG TTGTTAAATCT-3Ј with EcoRI recognition and the various antisense primers, 5Ј-GCGGCCGCGCGGCCGCACCCCAGTTAACATGG-3Ј, 5Ј-GCGGCCGC GCGGCCGCTTGTGATTCCCAATCT-3Ј, and 5Ј-GCGGCCGCGCGGCCGC TGGACCATAATCCATG-3Ј, for S1, S2, and S3 with a NotI site were used. The PCR product was purified and then cloned into the PGEX 4T-1 vector. The recombinant plasmid was transformed into the E. coli BL21(DE3) pLys strain. Bacteria were grown at 37°C for 5 to 6 h in LB medium containing 100 g/ml of ampicillin until the OD 600 reached 0.6 to 0.8. IPTG was added to the culture, which was then incubated at 20°C for 5 h. Glutathione S-transferase (GST) fusion-fragmented SPE B was in inclusion bodies, and a standard procedure using a denaturing condition was performed to refold the protein (10). The inclusion bodies were solubilized in denaturing solution (4.5 M urea, 20 mM Tris-HCl, and 200 mM NaCl [pH 8.0]), and the solutions were diluted to an OD 280 of Ͻ0.1. The proteins were renatured by dialysis against 20 mM of Tris-HCl and 200 mM of NaCl (pH 8.0) and purified using a GSTrap FF column (Amersham Biosciences). The collected fractions were concentrated using Amicon ultrafiltration with a 10-kDa cutoff membrane and exchanged with phosphate-buffered saline (PBS). The purity was verified using SDS-PAGE. The purified proteins were passed through Detoxi-Gel (Pierce Biotechnology) to remove possible lipopolysaccharide contaminant. The 28-kDa C192S was prepared from 42-kDa C192S digested by a low dose of rSPE B, and undigested 42-kDa C192S was removed using a G-50 column (Amersham Biosciences).
Antibodies. The antibodies used in integrin experiments were mouse monoclonal antibodies against ␣ 1 (FB12), ␣ 2 (P1E6), ␤ 1 (P4G1), ␣ v ␤ 3 (LM609), ␤ 3 (25E11) (Chemicon International), and ␣ v (Becton Dickinson Transduction) and rabbit anti-␣ v ␤ 3 polyclonal antibody (Santa Cruz Biotechnology) and mouse immunoglobulin G (IgG) (Chemicon International). Rabbit anti-SPE B polyclonal antibody was prepared and purified as previously described (24) . The antibodies used in Fas experiments were mouse anti-Fas monoclonal antibody (Becton Dickinson Transduction, clone 13; Upstate Biotechnology, clone ZB4) and rabbit anti-Fas polyclonal antibody (Santa Cruz Biotechnology). The antibodies used in apoptotic-signaling experiments were mouse anti-caspase 8 monoclonal antibody, rabbit anti-caspase 9 polyclonal antibody (Cell Signaling Technology), rabbit anti-Bid polyclonal antibody (Biosource International), mouse anti-cytochrome c monoclonal antibody (Pharmingen), mouse anti-Bax and anticaspase 3 monoclonal antibodies (Oncogene Research Products), and mouse anti-␤-actin monoclonal antibody (Sigma-Aldrich). The secondary antibodies used in this study were fluorescein isothiocyanate (FITC)-conjugated goat antimouse IgG (Jackson ImmunoResearch Laboratories) and peroxidase-conjugated goat anti-mouse and goat anti-rabbit antibodies (Calbiochem).
Cell culture. A549 cells were routinely maintained in our laboratory in complete medium (Dulbecco's modified Eagle's medium supplemented with 10% heat-inactivated fetal calf serum, 2 mM L-glutamine, and 50 g/ml gentamicin). For experiments, cells at a density of 8 ϫ 10 4 /well were seeded in 24-well plates. After 24 h, the cells were washed with sterile PBS and then incubated in the complete medium containing the indicated agents for the time periods specified.
Fluorescence-activated cell sorter analysis of integrin and Fas levels. Cells were trypsinized, washed with binding buffer (Dulbecco's modified Eagle's medium containing 2% fetal calf serum and 0.01% sodium azide [pH 7.4]), and then resuspended at 2 ϫ 10 5 cells/100 l in the same buffer. The cell suspension was incubated with primary antibodies at a 1:100 dilution for 60 min at 4°C. The cells were then washed twice with binding buffer and incubated with a 1:100 dilution of FITC-conjugated goat anti-mouse IgG for 60 min at 4°C. After two washes, the cells were resuspended in 1 ml of binding buffer and then analyzed on a FACScan using CELLQuest software (Becton Dickinson).
FITC-conjugated rSPE B binding assay. FITC (freshly dissolved in dimethyl sulfoxide) was added to rSPE B in bicarbonate buffer (1.7 g Na 2 CO 3 and 2.8 g NaHCO 3 in 100 ml H 2 O [pH 9.4]) at 27 g/mg of protein. The mixture was incubated overnight in the dark at 4°C with continuous rocking, and NH 4 Cl (50 M) was then added to stop the reaction. Free FITC was removed from the mixture using a salt exchange on a PD-10 column (Amersham Biosciences). Cells at a density of 1 ϫ 10 5 /well were seeded onto a 12-well plate. After 24 h, the cells were washed with PBS and pretreated with a low dose of rSPE B (2 g/ml) for 20 min to ensure better FITC-rSPE B binding. After two washes, the cells were incubated with various concentrations of FITC-rSPE B or FITC-rSPE B combined with 100-fold rSPE B for 2 h at 4°C. After incubation, the cells were washed twice and then lysed in 0.1 N NaOH. The fluorescence level on the cells was detected using a fluorescence enzyme-linked immunosorbent assay reader (Labsystems Fluoroskan; Global Medical Instrumentation). For the antibodyblocking assay, the cells were pretreated with the indicated antibodies (5 g/ml) for 30 min at 4°C and then incubated with FITC-rSPE B for 2 h at 4°C.
Apoptosis analysis. Cells were fixed with 70% ethanol overnight at Ϫ20°C. After two washes with PBS, the cells were stained with propidium iodide working solution (40 g/ml propidium iodide and 100 g/ml RNase in PBS) for 30 min at room temperature in the dark. Apoptotic cells were quantified on a FACScan using CELLQuest software (Becton Dickinson) and presented as the percentage of hypodiploid cells (43) .
Western blotting. Cells at a density of 2 ϫ 10 with PBS containing 5% skim milk, and probed with different primary antibodies. After three washes with PBS containing 0.05% Tween 20, the membranes were incubated with the secondary antibody. The membranes were washed three times with PBS containing 0.05% Tween 20, and the protein bands were visualized using enhanced chemiluminescence (ECL) (Amersham Biosciences).
Immunoprecipitation. Cells at a density of 2 ϫ 10 5 /well were seeded onto a six-well plate for 24 h. After treatment with rSPE B or G308S for the times indicated in each experiment, the cells were lysed in modified RIPA lysis buffer (50 mM Tris [pH 7.4], 0.1% SDS, 1% Triton X-100, 5 mM EDTA, 150 mM NaCl, 0.5 mM sodium deoxycholate, and protease inhibitor cocktail). Total cell lysates were incubated with 1 g of primary antibodies with continuous rocking for 2 h at 4°C and then mixed with protein A agarose beads and left overnight. After the mixtures had been washed to remove unbound material, the immune complexes were eluted using Laemmli sample buffer and Western blotted with the indicated antibodies.
Isolation of cytosolic, mitochondrial, and membrane fractions. After the cells had been treated with rSPE B or G308S for the times indicated for each experiment, they were harvested by scraping them on ice, washed with ice-cold PBS, and then resuspended in 500 l of buffer A (20 mM HEPES [pH 7.5], 10 mM KCl, 1.5 mM MgCl 2, 1 mM EDTA, 1 mM EGTA, 40 g/ml leupeptin, and 1 mM PMSF). After the cells had been on ice for 1 h, the lysed cells were passed through a 27-gauge needle 20 to 30 times and centrifuged at 750 ϫ g for 10 min at 4°C. The supernatants were recentrifuged at 10,000 ϫ g for 15 min at 4°C. The supernatants were recentrifuged at 100,000 ϫ g for 30 min to collect cytosolic fractions. The mitochondrial pellets were washed once in buffer A, lysed in Laemmli sample buffer, and then saved. To isolate membrane proteins, A549 cells were scraped in buffer A and incubated on ice for 1 h. The cell suspension was homogenized (25 strokes) manually using a Dounce homogenizer on ice and centrifuged at 750 ϫ g for 10 min, and then the supernatant was centrifuged at 100,000 ϫ g for 30 min to collect the cytosolic fraction. The pellet was resuspended in buffer A containing 1% Triton X-100 and incubated on ice for 1 h to solubilize the membrane proteins. After the protein had been centrifuged at 100,000 ϫ g for 30 min, the soluble membrane fraction was collected.
Identifying membrane binding proteins for SPE B. The coupling efficiency of rSPE B to CNBr-activated Sepharose 4B (Pharmacia Biotech) was influenced by its protease activity. The functional activity of 28-kDa C192S was better than that of 42-kDa C192S; thus, 28-kDa C192S-immobilized Sepharose 4B was used to screen the binding membrane proteins of SPE B. The column was equilibrated with 50 mM of Tris (pH 7.0) containing 1% Triton X-100. A549 cell membrane proteins were loaded on the affinity column, which was sequentially washed with the same buffer to remove unbound proteins. The bound materials were eluted with 0.1 M of glycine (pH 3.0) containing 1% Triton X-100, and differential fractions were collected and analyzed using SDS-PAGE with silver staining and Western blotting.
Statistical analysis. Two-way analysis of variance and Student's t test were used for statistical analysis. Differences were considered significant at a P value of Ͻ0.05.
RESULTS
␣ v ␤ 3 partially mediates SPE B-induced apoptosis. The RGD sequence is critical to many integrins for ligand recognition. SPE B contains an RGD motif and binds to human integrins ␣ v ␤ 3 and ␣ IIb ␤ 3 , which suggests that integrins are candidate receptors for SPE B (39) . To evaluate the role of the RGD motif in SPE B-induced apoptosis, we generated fragments of GST-conjugated SPE B using series deletions from the carboxyl terminus and tested the role of each fragment in apoptosis. Three fragments of SPE B-S1 (Gln 145 to Gly 358 ), S2 (Gln 145 to Gln 318 ), and S3 (Gln 145 to Pro 278 )-were fused with the GST tag in their amino termini (Fig. 1A) . The size of each fragment displayed on an SDS gel corresponded to the expected molecular masses of 55, 51, and 46 kDa, respectively (Fig. 1B) . The SPE B fragment without the RGD motif (GST-S3) induced significantly less apoptosis than did the GST-S1 and GST-S2 SPE B fragments (Fig. 1C) , which suggested that the RGD motif is important for SPE B-induced apoptosis. To determine the role of integrins in SPE B-induced apoptosis in A549 cells, we first assessed the interaction of SPE B with A549 cells using a FITC-rSPE B binding assay. FITC-rSPE B dose-dependently bound to the surfaces of A549 cells, and excess non-FITC-conjugated rSPE B effectively reduced the binding, which indicated a specific binding characteristic ( Fig.  2A) . When monoclonal antibodies against integrin subunits ␣ 1 , ␣ 2 , ␣ v ␤ 3 , and ␤ 1 were added to the binding assay, we found a reduction in FITC-rSPE B binding to A549 cells by anti-␣ 1 (15.5%) and anti-␣ v ␤ 3 (52.4%) antibodies (Fig. 2B) . In addition, the immunoprecipitation experiment showed that rSPE B was coimmunoprecipitated with ␣ v ␤ 3 , but not with other integrins (Fig. 2C) . These results indicated that SPE B preferentially bound to integrin ␣ v ␤ 3 on A549 cells. We also found that pretreating cells with anti-␣ v ␤ 3 antibody dose-dependently inhibited SPE B-induced apoptosis compared to the control group pretreated with rSPE B alone (Fig. 2D) .
To clarify the role of the RGD motif in SPE B-induced A549 cell apoptosis, we used site mutagenesis to generate an SPE B mutant, G308S (glycine at residue 308 was changed to serine), and then studied its effect on apoptosis. The molecule size of G308S was the same as that of rSPE B (Fig. 3A) . G308S induced approximately 50% less apoptosis than did SPE B at each equivalent concentration (Fig. 3B) . Pretreatment of A549 cells with anti-␣ v ␤ 3 antibody partially inhibited SPE B-induced apoptosis, but it had no effect on G308S-induced apoptosis (Fig. 3C) , which suggested that G308S-induced apoptosis is integrin ␣ v ␤ 3 independent. Immunoprecipitation was used to distinguish the binding of rSPE B and G308S to integrin ␣ v ␤ 3 . We found that integrin ␣ v ␤ 3 interacted with rSPE B, but not with G308S (Fig. 3D) , which suggested that SPE B can interact with integrin ␣ v ␤ 3 through its RGD motif and induce cell apoptosis.
Fas mediates SPE B-induced apoptosis. To look for another possible receptor for SPE B-induced apoptosis, we used an affinity column of 28-kDa C192S-linked Sepharose. The bound membrane proteins were eluted by altering the pH. Several bands were detected by silver staining. The 45-kDa molecule in the eluted fractions of no. 4 and 5 (Fig. 4A, top) was of special interest. It is equivalent to the size of Fas that is a well known receptor for mediating apoptosis. This band was then verified as Fas by Western blotting (Fig. 4A, bottom) . The interaction of Fas with SPE B was further evaluated by using immunoprecipitation. Cell lysates were incubated with either rSPE B or G308S for 2 h and then precipitated with anti-SPE B antibody. Next, the precipitates were probed with anti-Fas antibody and reprobed with anti-SPE B antibody. Fas was clearly detected in both samples (Fig. 4B) , which indicated that Fas interacted with both ligands. When cell lysates were precipitated with anti-SPE B antibody and then probed using anti-␣ v antibody, (Fig. 4C) . These results suggested that SPE B reacted with Fas and ␣ v ␤ 3 , whereas G308S reacted with Fas. The role of Fas in SPE B-induced apoptosis was further clarified. As shown in Fig. 4D , SPE B-induced apoptosis was inhibited by anti-Fas antibody in a dose-dependent manner. Furthermore, anti-Fas antibody also inhibited G308S-induced apoptosis, which suggested that Fas-mediated SPE B-induced apoptosis occurs in an RGDindependent manner. The synergistic effects of ␣ v ␤ 3 and Fas on SPE B-induced apoptosis. Since SPE B can bind to both ␣ v ␤ 3 and Fas and initiate apoptotic pathways, we next investigated whether there is a synergistic effect of ␣ v ␤ 3 -and Fas-mediated pathways in SPE B-induced apoptosis. We found that anti-␣ v ␤ 3 and antiFas antibodies partially inhibited SPE B-induced apoptosis when tested separately. Incubating anti-␣ v ␤ 3, anti-Fas, and rSPE B with A549 cells simultaneously further reduced apoptosis (Fig. 5) . Two-way analysis of variance showed that interaction between ␣ v ␤ 3 and Fas was significant (F ϭ 13.02; P ϭ 0.0069), indicating a synergistic effect between these two pathways.
Both ␣ v ␤ 3 and Fas mediated the activation of apoptotic cascades. We previously showed sequential events in SPE Binduced apoptosis involving caspase 8 activation, t-Bid activation, Bax translocation, cytochrome c release, caspase 9 activation, and caspase 3 activation (44). We then sought to determine which molecule(s) in the apoptotic cascade is activated by ␣ v ␤ 3 or Fas. Both SPE B and G308S activated all molecules in the apoptotic cascade. However, G308S-induced activation took 30 to 60 min longer than SPE B-induced activation (Fig. 6) . These results suggested that the activation processes mediated by different receptors may be regulated differently.
Receptor downregulation and recycling. Receptors on the cell surface are usually tightly regulated by ligands or other cellular regulators. To study how the levels of ␣ v ␤ 3 and Fas on the cell surface are regulated by SPE B, we incubated A549 cells with SPE B for 40 min and then added antibody against ␣ v ␤ 3 or Fas to detect the surface expression of ␣ v ␤ 3 or Fas. Treatment with SPE B for 40 min decreased the level of ␣ v ␤ 3 on the cell surface, while treatment with G308S did not change the level of ␣ v ␤ 3 on the cell surface ( Fig. 7A and B) . However, pretreatment with the proteasome inhibitor MG132 restored cell surface expression of ␣ v ␤ 3 to the original level (Fig. 7A) . Since the ubiqutin-proteasome pathway is involved in an endosomal sorting step of membrane proteins to lysosome (45), these results indicated that when the endosomal sorting step is inhibited, ␣ v ␤ 3 is retranslocated to the cell surface. When G308S was used as a ligand, the level of ␣ v ␤ 3 on the cell surface was not changed (Fig. 7B) . Further experiments showed that neither SPE B nor G308S caused any effect on cell surface Fas expression (Fig. 7C and D) . These results suggest that after SPE B binding, ␣ v ␤ 3 is regulated by the ubiquitin-proteasome system and is recycled, whereas Fas expression is not regulated in a similar way. To further detect receptor translocation from the membrane to the cytosol, we used centrifugation to separate the membrane and cytosol fractions and then determined the distribution of ␣ v ␤ 3 and Fas in each fraction. In the absence of SPE B, ␣ v ␤ 3 was located exclusively on the membrane. After A549 cells had been incubated with 20 g/ml of rSPE B for 20 or 40 min, approximately 50% of the ␣ v ␤ 3 translocated from the membrane to the cytosol (Fig. 8A) . Fas, however, was located primarily in the cytosol; SPE B treatment did not change its distribution regardless of the incubation time (Fig. 8B) .
DISCUSSION
In the present study, we showed that the interaction of the SPE B RGD motif with integrin ␣ v ␤ 3 is critical for binding of SPE B to cells and mediates SPE B-induced apoptosis. We also showed binding between SPE B and Fas, which is a wellrecognized apoptotic receptor, and that Fas-mediated SPE B-induced apoptosis occurs via an RGD-independent pathway. These results suggest that both integrin ␣ v ␤ 3 and Fas are involved in SPE B-induced apoptosis in A549 cells. There may be evolutionary reasons for one ligand with two receptors to ensure that apoptosis occurs. It is not known, however, whether this characteristic is cell specific. In addition, the results from the blocking experiments using anti-␣ v ␤ 3 and anti-Fas showed that SPE B-induced apoptosis was not completely inhibited, suggesting that other pathways independent of ␣ v ␤ 3 and Fas may also be involved.
The interaction of RGD-containing proteins with integrins has been extensively studied. The preference of any given integrin and its ligands is determined by relative affinity, the specific microenvironment, and the conformational state that controls exposure of the integrin recognition sequence (35) . It is generally agreed that integrin recognition specificity can often be reduced to a small peptide sequence. A synthetic (9, 38) . A point mutation in this region, D119Y, resulted in the loss of ligand binding (26) . Interaction between SPE B and ␣ IIb ␤ 3 showed that a mutation at residue 119 or 252 also resulted in the loss of binding (39) . Since ␣ v ␤ 3 and ␣ IIb ␤ 3 share the same ␤ 3 subunit, the binding of residues 119 and 252 to SPE B can be very important. However, the effect of the ␣ subunit on the binding of ␣ v ␤ 3 to SPE B remains to be clarified.
A variety of external stimuli, such as flavonoid compounds, acacetin, extracts of Chinese herbs, ursolic acid, gossypol, and casuarinin, upregulated Fas and Fas ligand in A549 cells (8, 18, 19, 25) . SPE B also increased the expression of Fas, Fas ligand, and p53 in human leukocytes (46) (17) . Binding of Fas with ligand triggers the trimerization of Fas and the formation of death-inducing signaling complex. This complex recruits procaspase 8, which undergoes activation by autocatalytic cleavage. The activated caspase 8 activates caspase 3 directly or indirectly via the mitochondrial pathway, which includes the activation of Bid, cytochrome c release, and activation of caspase 9. However, the integrin-mediated apoptotic pathway is not so well defined. Echistatin, an ␣ v ␤ 3 -selective RGD-containing antagonist, induced apoptosis of cultured stellate cells by increasing Bax expression and caspase 3 activation (48) . Cansatin, the noncollagenous domain of the collagen type VI ␣ chain, binds to integrins ␣ v ␤ 3 and ␣ v ␤ 5 and activates caspase 9 and caspase 3, whereas angiostatin, the plasminogen fragment, binds to ␣ v ␤ 3 on endothelial cells and triggers caspase 8 activation, which leads to caspase 3 activation (27) . In this study, both ␣ v ␤ 3 and Fas mediated caspases 8, 9, and 3 and Bid activation; Bax translocation; and cytochrome c release. However, G308S-induced apoptotic signaling activation was 30 to 60 min later than SPE B-induced activation. The reason for this is not clear. However, we have also observed that Fas and ␣ v ␤ 3 activate p38 and JAK2, respectively, leading activation of STAT1 and expression of Bax and caspase 8 (C. W. Chang, W. H. Tsai, W. J. Chuang, Y. S. Lin, J. J. Wu, C. C. Liu, P. J. Tsai, and M. T. Lin, submitted for publication). The difference in the levels of caspase 8 expressed in two pathways may account for the delay in the G308S-activated cascade.
The distribution of ␣ v ␤ 3 in A549 cells is primarily on the membrane. SPE B treatment, however, translocated ␣ v ␤ 3 from the membrane to the cytosol, which downregulated its level on the surface. In contrast, Fas expression in A549 cells is higher in the cytosol than on the membrane, and treating the cells with SPE B did not change its distribution. Our previous study showed that SPE B was internalized via clathrin-mediated endocytosis and reached the lysosome for degradation (6) . In the present study, we showed that SPE B downregulated ␣ v ␤ 3 on the surface, but it had no effect on Fas levels on the surface, which suggested that ␣ v ␤ 3 rather than Fas is responsible for internalizing SPE B. Integrin ␣ v ␤ 3 has been involved in the internalization of various proteins, e.g., it mediates the endocytosis of fibrinogen in A549 cells (34) . Foot-and-mouth disease virus entered the cells through the integrin-clathrin-mediated endocytosis pathway via its VP1 protein within the RGD motif, and integrin receptor recycling was regulated by the internalization process (33) . The ubiquitin-proteasome system not only removes cellular proteins, but is also important for regulating endocytosis of the ligand-receptor complex (11, 40) . The ubiquitin-proteasome pathway is involved in the endosomal sorting of membrane proteins to lysosomes (45) . According to this model, MG132 blocks the sorting and degrading process and results in the recycling of the ligand-receptor complex. Our results showing that in the presence of MG132 the ␣ v ␤ 3 recycled back to the cell surface are consistent with this model. However, Fas was not recycled in the presence of MG132. The reason for this difference requires further investigation. The regulation of integrin recycling by the ubiquitinproteasome system is also not clear. One recent study showed that Cbl-mediated ubiquitination was essential for the ␣ 5 integrin degradation induced by FGFR2 activation (22) . FIG. 8 . Effect of SPE B on integrin ␣ v ␤ 3 translocation. A549 cells were incubated with or without rSPE B (20 g/ml) for 20 or 40 min and then fractionated into the cytosol and membrane fractions. The amount of integrin ␣ v ␤ 3 (A) or Fas (B) was determined using Western blot analysis. The density of each band was determined using an imaging densitometer, and the ratio of rSPE B treatment to the untreated group is indicated. ␤-Actin was an internal control.
